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(57) ABSTRACT

Embodiments of the present invention provide a thin film
transistor (TFT) array substrate and a method for manufac-
turing the same and a display device. The TFT array substrate
improves a structure of a TFT array substrate and has a small
thickness, and process flow is simplified. The method for
manufacturing a thin film transistor (TFT) array substrate
comprises: obtaining a gate line and a gate electrode through
a first patterning process on a glass substrate; forming a gate
insulating layer on the gate line and the gate electrode; form-
ing a graphene layer on the gate insulating layer, and obtain-
ing a semiconductor active layer over the gate electrode by a
second patterning process and a hydrogenation treatment;
obtaining a data line, a source electrode, a drain electrode and
a pixel electrode which are located on the same layer by a
third patterning process; and forming a protection layer on the
data line, the source electrode, the semiconductor active
layer, the drain electrode and the pixel electrode.

3 Claims, 3 Drawing Sheets
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1
TFT ARRAY SUBSTRATE AND A METHOD
FOR MANUFACTURING THE SAME
GRAPHENE BASED DISPLAY DEVICE

TECHNICAL FIELD

Embodiments of the present invention relate to a TFT array
substrate and a method for manufacturing the same and a
display device.

BACKGROUND

For a thin film transistor-liquid crystal display (TFT-LCD),
the degree of rotation of liquid crystal molecules are varied
with variance in the electric field intensity applied to a liquid
crystal layer, so that the level of light permeability is con-
trolled to display an image. Generally, a liquid crystal display
panel comprises a backlight module assembly, a polarizer, an
upper substrate (usually a color filter substrate), a lower sub-
strate (usually an array substrate), and a liquid crystal mol-
ecule layer filled in a liquid crystal cell formed with these two
substrates. Data lines and gate lines, which intersect each
other laterally and longitudinally, are formed on the array
substrate, and the data lines and the gate lines surround and
define pixel units which are arranged in a matrix. Each of the
pixel units comprises a TFT switch element and a pixel elec-
trode. The TFT switch element comprises a gate electrode, a
source electrode, a drain electrode and an active layer; the
gate electrode is connected to a gate line, the source electrode
is connected to a data line, the drain electrode is connected to
the gate electrode, and the active layer is formed between the
source and drain electrodes and the gate electrode. A common
electrode may be further formed on the substrate and acts to
form an electric field together with the pixel electrode, and
degree of rotation of liquid crystal molecules are controlled
by variance in electric field intensity between the common
electrode and the pixel electrode. A storage capacitor may be
further formed between a storage capacitor line on the TFT
array substrate, which is parallel to and located in the same
layer as the gate lines, and the pixel electrode and acts to
maintain states of the liquid crystal molecules before the next
signal arrives.

In an advanced super dimension switch (ADS) technology,
a multi-dimensional electric field is formed by an electric
field produced at edges of slit electrodes on the same plane
and an electric field produced between a layer of the slit
electrodes and a layer of a plate-like electrode, so as to allow
liquid crystal molecules in all orientations in a liquid crystal
cell, which are located directly above the electrode and
between the slit electrodes, to be rotated, thereby enhancing
the work efficiency of liquid crystals and increasing the trans-
missive efficiency. The Advanced Super Dimensional Switch
technology can improve the picture quality of TFT-LCD
products, and has advantages of high resolution, high trans-
mittance, low power consumption, wide viewing angle, high
aperture ratio, low chromatic aberration, push Mura-free, and
etc.

In the course of manufacturing a TFT array substrate of an
ADS mode, production of a pixel electrode layer, a source
electrode, a drain electrode and an active layer is usually
conducted in a layered manner. Thus, not only thickness of
the substrate is increased, but the process flow is cumber-
some.

SUMMARY

Embodiments of the present invention provide a TFT array
substrate and a method for manufacturing the same, and a
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display device, improving the structure of the TFT array
substrate, thinning thickness of the substrate, and simplifying
the process flow.

According to an aspect of the invention, there is provided a
method for manufacturing a thin film transistor (TFT) array
substrate, comprising:

obtaining a gate line and a gate electrode on a base sub-
strate through a first patterning process;

forming a gate insulating layer on the gate line and the gate
electrode;

forming a graphene layer on the gate insulating layer, and
obtaining a semiconductor active layer formed of graphene
by a second patterning process and a hydrogenation treatment
over the gate electrode;

obtaining a data line, a source electrode, a drain electrode
and a pixel electrode, which are formed of grapheme, by a
third patterning process on the graphene layer; wherein the
source electrode contacts with the semiconductor active layer
and the drain electrode contacts with the semiconductor
active layer so as to define a TFT channel, and the pixel
electrode contacts with the drain electrode; and

forming a protection layer on the data line, the source
electrode, the semiconductor active layer, the drain electrode
and the pixel electrode.

In an example, on the protection layer and over the pixel
electrode, a common electrode is formed.

According to another aspect of the invention, there is pro-
vided a TFT array substrate, comprising:

a base substrate;

a gate line and a gate electrode which are formed on the
base substrate;

a gate insulating layer formed on the gate line and the gate
electrode;

a data line, a source electrode, a semiconductor active
layer, a drain electrode and a pixel electrode, which are
formed of graphene and formed on the insulating layer;
wherein the source electrode contacts with the semiconductor
active layer, and the drain electrode contacts with the semi-
conductor active layer, so as to define a TFT channel, and the
pixel electrode contacts with the drain electrode; and

a protection layer formed on the data line, the source elec-
trode, the semiconductor active layer, the drain electrode and
the pixel electrode.

In an example, on the protection layer and over the pixel
electrode, a common electrode layer is formed.

According to still another aspect of the invention, there is
provided a display device, comprising the above TFT array
substrate.

The TFT array substrate and a method for manufacturing
the same and the display device, which are provided by
embodiments of the invention, employ a graphene material to
produce the data line, the source electrode, the drain elec-
trode, the active layer and the pixel electrode layer of the TFT
substrate in the same layer on the gate insulating layer,
whereby as compared to a method of production in different
layers, thickness of the TFT array substrate becomes thinner,
and the process flow is simplified.

BRIEF DESCRIPTION OF THE DRAWINGS

To illustrate technical solutions in embodiments of the
present invention more clearly, accompanied drawings of the
embodiments will be briefly introduced below. Obviously, the
accompanied drawings described below merely relate to
some embodiments of the present invention, and are not limi-
tation on the present invention.
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FIG. 1 is a schematic view 1 illustrating a substrate struc-
ture in the course of a method for manufacturing a TFT array
substrate, provided by an embodiment of the invention;

FIG. 2 is a schematic view 2 illustrating a substrate struc-
ture in the course of the method for manufacturing the TFT
array substrate, provided by the embodiment of the invention;

FIG. 3 is a schematic view 3 illustrating a substrate struc-
ture in the course of the method for manufacturing the TFT
array substrate, provided by the embodiment of the invention;

FIG. 4 is a schematic view 4 illustrating a substrate struc-
ture in the course of the method for manufacturing the TFT
array substrate, provided by the embodiment of the invention;

FIG. 5 is a schematic view 5 illustrating a substrate struc-
ture in the course of the method for manufacturing the TFT
array substrate, provided by the embodiment of the invention;

FIG. 6 is a schematic view 6 illustrating a substrate struc-
ture in the course of the method for manufacturing the TFT
array substrate, provided by the embodiment of the invention;

FIG. 7 is a schematic view 7 illustrating a substrate struc-
ture in the course of the method for manufacturing the TFT
array substrate, provided by the embodiment of the invention;

FIG. 8 is a schematic view 8 illustrating a substrate struc-
ture in the course of the method for manufacturing the TFT
array substrate, provided by the embodiment of the invention;
and

FIG. 9 is a schematic view 9 illustrating a substrate struc-
ture in the course of the method for manufacturing the TFT
array substrate, provided by the embodiment of the invention.

DETAILED DESCRIPTION

In order to make objects, technical details and advantages
of the embodiments of the invention apparent, hereinafter,
technical solutions in embodiments of the present invention
will be clearly and fully described in combination with the
accompanied drawings in the embodiments of the present
invention. Apparently, the embodiments to be described are
merely a part but not all of embodiments of the present inven-
tion. Every other embodiment as would be obvious to those
ordinarily skilled in the art without creative work, comes
within the protection scope of the present invention.

An array substrate according to an embodiment of the
invention comprises a plurality of gate lines and a plurality of
data lines, these gate lines and data lines intersect each other
to thereby define pixel units arranged in a matrix form, and
each of the pixel units comprises a thin film transistor func-
tioning as a switch element and a pixel electrode. For
example, for the thin film transistor of each pixel, its gate
electrode is electrically connected to or integrally formed
with a corresponding gate line, its source electrode is electri-
cally connected to or integrally formed with a corresponding
data line, and its drain electrode is electrically connected to or
integrally formed with a corresponding pixel electrode. The
following description is made mainly with reference to a
single unit or a plurality of pixel units, but other pixel units
can be formed in the same way.

A method for manufacturing a TFT array substrate, which
is provided by an embodiment of the invention, comprises the
following steps.

S101, a metal layer is deposited on a base substrate, and a
gate line and a gate electrode are obtained by a first patterning
process.

As shown in FIG. 1, for example, a magnetron sputtering
method can be used to produce a metal thin-film layer with a
thickness of for example 1000 A to 7000 A on a base substrate
201. A metal of molybdenum, aluminum, aluminum nickel
alloy, molybdenum tungsten alloy, chromium, copper or the
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like may be used as the material for the metal thin-film layer,
and a stack structure of thin films of aforementioned materials
may also be used. Then, through a first patterning process
with a mask comprising an exposure, development, etching,
removing and so on, a plurality of lateral gate lines (not shown
in FIG. 1) and gate electrodes 202 connected to the gate lines
are formed on a certain region of the glass substrate 201.

S102, a gate insulating layer is formed on the gate line and
the gate electrode.

As shown in FIG. 2, for example, a plasma enhanced
chemical vapor deposition (PECVD) method can be used to
deposit a gate insulating layer 203 with a thickness of for
example 1000 A to 6000 A on the gate lines and the gate
electrodes 202, and the material for the gate insulating layer
203 is usually silicon nitride, and an insulating material such
as silicon oxide, silicon oxynitride and so on may also be
used.

S103, a graphene layer is formed on the gate insulating
layer, and through a second patterning process and a hydro-
genation treatment, a semiconductor active layer formed of
graphene is obtained over the gate electrode.

Firstly, as shown in FIG. 3, for example, a layer of graphene
material is deposited on the gate insulating layer 203 by
means of PECVD, or a water-soluble, single-layered or multi-
layered graphene material is spin-coated, so as to form a
graphene layer 204.

Next, as shown in FIG. 4, a layer of photoresist 211 is
coated on the graphene layer 204.

Subsequently, after exposure and development, a channel-
region graphene 207 is exposed, as shown in FIG. 5. Further-
more, for example, a hydrogenation treatment is performed
on the channel-region graphene 207 by using H, or a mixed
gas of H, and Ar gas, so as to attain a semiconductor active
layer 207 over the gate electrodes 202.

It should be noted that, graphene has a characteristic of
zero-forbidden band, and the average freedom distance and
the coherence length of carriers in graphene can reach a
micrometer level even at the room temperature. Meanwhile,
graphene has carrier mobility far higher than silicon, and thus
it is a semiconductor material of excellent properties.

Finally, the remaining photoresist is removed, as shown in
FIG. 6.

S104, a data line, a source electrode, a drain electrode and
apixel electrode, which are formed of graphene, are obtained
on the graphene layer through a third patterning process; the
source electrode contacts with the semiconductor active layer
and the drain electrode contacts with the semiconductor
active layer so as to define a TFT channel, and the pixel
electrode contacts with the drain electrode.

As shown in FIG. 7, a photoresist is again coated on the
graphene layer 204, and after exposure, development, etching
and removing, a data line (not shown in FIG. 7), a source
electrode 208, a drain electrode 206 and a pixel electrode 205,
which are formed of graphene, are obtained. The source elec-
trode 208 contacts with the semiconductor active layer 207
and the drain electrode 206 contacts with the semiconductor
active layer 207 so as to define a TFT channel, and the pixel
electrode 205 contacts with the drain electrode 206. Here, a
width of the semiconductor active layer 207 needs to be
smaller than a width of the gate electrode 202, so that the
contacting region of the source electrode 208 with the semi-
conductor active layer 207 and the contacting regions of the
drain electrode 206 with the semiconductor active layer 207
for defining the TFT channel are both located over the gate
electrode 202.

Up to here, the data line, the source electrode, the semi-
conductor active layer, the drain electrode, and the pixel elec-
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trode in the embodiment of the invention is located in the
same layer, whereby it is possible for the thickness of the
array substrate to become thinner, and as compared to an
existing layered production, processes are reduced.

Because graphene is a two-dimensional material, its char-
acteristics fall between semiconductor and conductor. When
itis in an intrinsic state, due to overlap between energy bands,
the conductivity of graphene resembles metallic characteris-
tic and its conductivity can reach 20000 cm?/V-S, and there-
fore it can function as a material for source and drain elec-
trodes of a TFT. When it is treated with hydrogen gas or argon
gas, or a mixed gas of them, hydrogenated graphene with an
increased relative bandgap is generated and can function as a
semiconductor material. Further compared with a general
semiconductor material, this semiconductor material has
higher carrier mobility.

S105, a protection layer is formed on the data line, the
source electrode, the semiconductor active layer, the drain
electrode and the pixel electrode.

As shown in FIG. 8, a protection layer 209 with a thickness
of for example 1000 A to 6000 A is coated on the data line, the
sources electrode 208, the semiconductor active layer 207,
the drain electrode 206 and the pixel electrode 205, and its
material is usually silicon dioxide, a transparent, organic resin
material or other oxide.

Accordingly, a TFT array substrate is obtained here. The
above pixel electrode is controlled by a thin film transistor
functioning as a switch element for display.

In an example, the TFT array substrate is for example an
array substrate for an ADS mode liquid crystal display device.
Accordingly, a common electrode is further formed on the
protection layer.

S106, on the protection layer and over the pixel electrode,
a common electrode is formed.

As shown in FIG. 9, a layer of indium tin oxide (ITO) or
graphene with a thickness between 100 A and 1000 A is
deposited on the protection layer 209. Then, a layer of pho-
toresist is coated on the deposited ITO or graphene, and after
a patterning process comprising exposure, development,
etching, removing and so on, acommon electrode 210 located
over the pixel electrodes 205 is attained.

The common electrode 210 may include a plurality of slits
(not shown), and acts to generate a horizontal electric field in
cooperation with the pixel electrode 205 after a voltage dif-
ference is applied therebetween, and the electric field is used
for driving liquid crystals to rotate.

In another example, the TFT array substrate is for example
an array substrate for a vertical aligned (VA) mode liquid
crystal display device. Accordingly, pixel electrodes on the
array substrate act to coordinate with a common electrode on
an opposed substrate in opposition to the array substrate to
generate a vertical electric field, and the electric field is used
for driving liquid crystals to rotate.

The TFT array substrate and a method for manufacturing
the same, which are provided by the embodiments of the
invention, employ a graphene material to produce the data
line, the source electrode, the drain electrode, the active layer,
and the pixel electrode layer in the same layer on the gate
insulating layer, whereby, as compared to a method of pro-
duction in a layered manner in prior art, the thickness of the
TFT array substrate becomes thinner, and the process flow is
simplified.

The TFT array substrate provided by the embodiment of
the invention, as shown in FIG. 9, comprises: the base sub-
strate 201; the gate line (not shown in the figure) and the gate
electrode 202 formed on the substrate 201; the gate insulating
layer 203 formed on the gate line and the gate electrode 202;
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and the data line (not shown in the figure), the source elec-
trode 208, the semiconductor active layer 207, the drain elec-
trode 206 and the pixel electrode 205, which are formed of
graphene and formed on the gate insulating layer 203. The
source electrode 208 contacts with the semiconductor active
layer 207 and the drain electrode 206 contacts with the semi-
conductor active layer 207 so as to define a TFT channel, and
the pixel electrode 205 contacts with the drain electrode 206.
On the date line, the source electrode 208, the semiconductor
active layer 207, the drain electrode 206 and the pixel elec-
trode 205, there is formed a protection layer 209.

In an example, the TFT array substrate is for example an
array substrate for an ADS mode liquid crystal display device.
Accordingly, a common electrode is further formed on the
protection layer. On the protection layer 209 and over the
pixel electrode 205, a common electrode 210 is formed. The
common electrode 210 may include a plurality of slits (not
shown), and acts to generate a horizontal electric field in
cooperation with the pixel electrodes 205 after a voltage
difference is applied therebetween, and the electric field is
used for driving liquid crystals to rotate.

In another example, the TFT array substrate is for example
an array substrate for a vertical aligned (VA) mode liquid
crystal display device. Accordingly, pixel electrodes on the
array substrate act to coordinate with a common electrode on
an opposed substrate in opposition to the array substrate to
generate a vertical electric field, and the electric field is used
for driving liquid crystals to rotate.

Graphene for the semiconductor active layer 207 is a
graphene layer subject to a hydrogenation treatment. As
graphene is a two-dimensional material, its characteristics
fall between semiconductor and conductor. When it is in an
intrinsic state, due to overlap of energy bands, its conductivity
has a metallic characteristic and its conductivity can reach
20000 cm?/V-S, so it can function as a material for source and
drain electrodes of a TFT. When it is treated with hydrogen
gas or argon gas, or a mixed gas of them, a hydrogenated
graphene with a relatively increased bandgap is generated and
can function as a semiconductor material. Further compared
to a general semiconductor material, this semiconductor
material has higher carrier mobility.

In the embodiment, a width of the semiconductor active
layer 207 may be smaller than a width of the gate electrode
202, so that the contacting region of the source electrode 208
with the semiconductor active layer 207 and the contacting
region of the drain electrode 206 with the semiconductor
active layer 207 for defining the TFT channel are both located
over the gate electrode 202.

Further, the common electrode 210 in the embodiment may
be formed of indium tin oxide or graphene.

In the embodiment, the data line, the source electrode, the
semiconductor active layer, the drain electrode and the pixel
electrode are located in the same layer, so that thickness of the
TFT array substrate can become thinner, and as compared to
the existing layered production, the producing process is sim-
plified.

According to an embodiment of the invention, there is
further provided a display device which employs the afore-
mentioned TFT array substrate.

An example of the display device is a liquid crystal display
device, in which, the TFT array substrate and an opposed
substrate are disposed opposite to each other to form a liquid
crystal cell, a liquid crystal material is filled in the liquid
crystal cell. The opposed substrate is such as a color filter
substrate. A pixel electrode of each pixel unit of the TFT array
substrate acts to apply an electric field for controlling the
degree of rotation of the liquid crystal material, to thereby
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conduct a display operation. In some examples, the liquid
crystal display device further comprises a backlight source
for providing backlight for the array substrate. The liquid
crystal display device is for example a vertical aligned (VA)
mode or an ADS mode liquid crystal display device.

Another example of the display device is an organic elec-
troluminescent display device, in which, a pixel electrode of
each pixel unit of the TFT array substrate functions as an
anode or a cathode for driving an organic light-emitting mate-
rial to emit light, to thereby conduct a display operation.

Still another example of the display device is an electronic
paper display device, in which, a pixel electrode of each pixel
unit of the TFT array substrate acts to control movement of
charged fine particles in ink, and is used for display.

The display device according to embodiments of the inven-
tion can be applied to, such as televisions, cell phones, tablet
computers, navigators, and so on.

For the display device in the embodiments, because the
data line, the source electrode, the semiconductor active
layer, the drain electrode and the pixel electrode in the TFT
array substrate used by the display device are located on the
same layer, thickness of the TFT array substrate can become
thinner, which enable the display device to become thinner
accordingly, and as compared to the existing layered produc-
tion, the producing process is simplified.

The descriptions made above are merely the specific
embodiments of the invention, but the protection scope of the
invention is not limited thereto. All such variations or substi-
tutions as would be obvious to those skilled in the technical
field without departing from the technical scope disclosed by
the present invention shall be embraced within the protection
scope of the invention. Thus, the protection scope of the
present invention shall be defined by the protection scope of
the following claims.

The invention claimed is:
1. A method for manufacturing a thin film transistor (TFT)
array substrate, comprising:

forming a metal layer on a base substrate, and obtaining a
gate line and a gate electrode through a first patterning
process;

forming a gate insulating layer on the gate line and the gate
electrode;

forming a graphene layer on the gate insulating layer and
obtaining a semiconductor active layer formed of
graphene over the gate electrode by a second patterning
process and a hydrogenation treatment;
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obtaining a data line, a source electrode, a drain electrode
and a pixel electrode, which are formed of graphene, by
athird patterning process on the graphene layer; wherein
the source electrode contacts with the semiconductor
active layer and the drain electrode contacts with the
semiconductor active layer so as to define a TFT chan-
nel, and the pixel electrode contacts with the drain elec-
trode; and

forming a protection layer on the data line, the source

electrode, the semiconductor active layer, the drain elec-
trode and the pixel electrode;

forming a common electrode on the protection layer and

over the pixel electrode,

wherein the data line, the source electrode, the semicon-

ductor active layer, the drain electrode and the pixel
electrode are located in a same layer,

wherein forming of the graphene layer on the gate insulat-

ing layer and obtaining of the semiconductor active layer

formed of graphene over the gate electrode by the sec-

ond patterning process and the hydrogenation treatment

comprises:

depositing a layer of graphene material by means of
plasma enhanced chemical vapor deposition, or spin-
coating a water-soluble, single layered or multi-lay-
ered graphene material, on the gate insulating layer,
s0 as to form the graphene layer;

coating photoresist on the graphene layer, and exposing
graphene in the channel region after exposure and
development;

performing the hydrogenation treatment on graphene in
the channel region by using H, or a mixed gas of H,
and Ar,; and

removing the remaining photoresist, so as to obtain the
semiconductor active layer formed of graphene over
the gate electrode.

2. The method for manufacturing the TFT array substrate
according to claim 1, wherein the common electrode is
formed of indium tin oxide or graphene.

3. The method for manufacturing the TFT array substrate
according to claim 1, wherein a width of the semiconductor
active layer is smaller than a width of the gate electrode, so
that a contacting region of the source electrode with the
semiconductor active layer and a contacting region of the
drain electrode with the semiconductor active layer for defin-
ing a TFT channel are both located over the gate electrode.

#* #* #* #* #*
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